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| Abstract

Short fiber felts structures can be
'made which provide improvements in
properties over foams. In applica-
tions where resistance to compres-
sion set or stress relaxation are
import-nt, bonded fiber felts excel
due to the flexing of individual
fibers within their elastic limit.
|Felts of sta1n1ess steel and poly-
.ester fibers were prepared by
deposition from liquid siurries.
'Compressive propertivs were deter-
mind as a function of felt parent
‘malerial, extent of bonding, felt
idensily, and length-to-diameter
i(L/D) rutio of starting fibers.

! 1. INTRODUCTION

Oy felting short fibers of various
'matvriu] and subsequently bonding
the fibers together at their inter-
scctions, low density materials can

be nedde that have interesting pny'i-

‘cal propertics. The ultis:le pro-

pertlcs obtained are a functlon of

'several variables, including: flbcr;

materiay; bonding medium; and
length-to-diameter (L/D) ratio of

. New Mexico

fiber used.

'A laboratory-scale technique was
ideveIoped for felting and coating
'fibers. Some physical properties
have been detcrmined for sample
{fe]ts as functions of L/D, fiber
material and extenl of felt cout1ng
IIn layers up to 12.7 wm thick, such
felts could be used as cushions
w1th atlluLL1vc prupotL1vq By
Isc1ect.1ng (ibers such as carbon

or stainless steel, the stress
,re]nxnt1on and compression set
;failure of Lthe cushion could be
greatly reduced, since individual

|brittlc fibors could Flex within

Ithuir elastic limit without deforma-

Lion.
: 2. FELT FABRICATION

Fibors in various mebal, coramie
knd polymeric materlals are becom-
ing increasingly available comner-
clally.
Fiam

Figure 1 shows four-m-
stalnless steel Fibers chenped
The fiber.
are frequently supplied in ribbon-

into one-mm in length,

— - —— | ce— — — — e —

pike bundles, held lightly together

with an organic siziny material,
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Figure 1. Fibers Bundles.

The tiber bundles were separated
into individual fibers by vigorousi
agitation in hot water. The sus-
pending liquid wvas then changed to !
isopropanol. Figure 2 shows the
individual fibers as they wore
being agitated in the alconol.

?Figurn 2. Fibers in alcohol.

‘In Figure 3, a Buchner funnel uith
Ia fritted glass filter s whown
Hpverted into the agitated susye
pens fon.

A vacuum drew the tiber-

|
|
|
|
Jiquid susprsion Into the fuunu|,|

"and the fibers deposited on the
.filter as a felt.

: N :..L\ i R .
,Figure 3. Inverted Buchner
i funnel with vacuum.

fFigure 4 shows a duposited feli on

'the filter.
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CFigure 40 Telt on Prilted Tilter,
In order to bond the Fibers toget -
her, a waler=so0luble rosin solution
of hair npru§ vas dravm Lhourgh Lhe

Cfelt and it was allowed to by, A

Ifult prepiaced in this mannoe will

be veferred tooas "honded Fibers, ™

I-.Incu the "coated" felts will be
subjocled Lo further coating pro-

_cedures,
1



agent through the felt. This
leaves the felt wet with solu-
tion. The solvent evaporales
and the epoxy cures. Coating ex-
tent cun be controlled by solu-
tion concentraiion.

The types of organic coatings
which can be used are quite
extensive. For tensile strength,
strony resins such as polycarbo-
nate could be applied to inor-
ganic felts by solulion and
subsequently heat treated to
form very strong hot-melt
bon«.ls.(l Elastomeric coallings
could be used where rubbery
l1inkage cf Fibers is needed.

A conductive felt could be
electroplated with a metai

l coating. The potenlial lor

such materials composiles will
be the focus of future work.
Figure b shows variovs meterials
which have been Telted hy tha
teclnique described.
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Figure . Various felled
mtlerials.

A coating was added by drawing an;
epoxy rasin solution wilh curing .

Figure 6 shows hemispherical shell
geomelries.
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Figurc 6. Hemisphrical felts. |

3. PROPLRTIES TESTIRG
The auseiibly showm in Figure 7 was
uscd Lo measure compressive proper-
ties of scveral fells.

Y.t

b [

Figme 7. Compressivn Lest

asscenbly.

* The white felt in the certer is
comprossed Linongh avecording
load cell agalnst a Fixed post,
Figure & shous a typlcal charl
recording of 5.0 gram {ncrements

o g L




’hf load. The coupressive data Figure 10 show, simitar data for

will be presented later to help | polyester felts from fibors of
show the effects of the foll different L/D's. Percent salids
construction variables. voluze (and therefore densily)
The reproducibility of felts _ becoacs lower as the L/D becomes
was determined by measuring the : greater.
volume of solids content for ;
several samples of stainless :
steel and polyester fiber felts. ,
. l REPRODLCINILITY IN MARING IONYESIER FELTS
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' Figure B. y Figure 11 show, Ll relalionsbip
i Figure 9 shows the spr2ad of dula ~of L/D to ¢ msity. exprossed as
; for stainless steel felts made ¢ percent salias valune. ‘This e~
, from fibers 1000 wm long x 4 ym
diam, an L/D of 2h0.
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sult is not unexpected, with
shorter fiber showing greater
density, inuofar as shor.cr
fibers can be expected to
orient and pack morc, with
fewer bridging interactions.
Figure 12 shews the expected
lincar rclationship of ccating
added to coating solution con-
centration. The coating medium
for this work was Epon ‘)828.

an epicholorohydrin - bis-phenol-

A epoxy, cured with dinthylene-
triamine.
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Figure 17.

The trend is toward higher per-
cenl solids contenl as the
weight percent. of added cpoxy
increases as showm in Figure 13.
The addilional cpoxy codling
simply (ills available spacu
within the Hiber matrix.

g pon” resins trademark of
Shell Chemleal Co.
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Figure 13.
The amount of cpoxy pickup as a

function of L/D showm in Figure 14

is not what one vould intuilively
expect. Smaller L/D ralios, or
shorter fibers with more surface
area per unit weight, might be
expected Lo accept more coating.
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liowever, the coating webs at fiber | Uncoated polyester fells of virious

intersections, can be seen in Figs.: L/D's werc comparcd in compression.

15 and 16. Longer fibers will have Figure 17 shows that compressive

more intersections, which helps to i strength increases for felts mado
explain the greater coating pickup ifrom fibers of decreasing L/D.

data. o {_:
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' Figure '7.

-In Figure 18, the coficcls of coat- |
ing on two separate L/D liber

Figure 15. Webbing at intersec—; rotios ere graphed.  The coating
tions. ties ends and interscections lo-

| lgethur. cauning fibers to flox

~rathory than orient. to the stresa, I
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Figure 19 shows plots for stain- °

less stcel felts with three
different epoxy coating contents.
By increasing the epoxy contenl
15%, compression for a given
load is reduced at least 50,
yet total solids percent only
increase by 3.
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Figurce 19.

By keening the compressive load
cons*ant and varying fiber L/D,
the curvns in Figure 20 wiere
generated. The solid line was
drawn smoothly through the data.
lHowever, the dashod 1ine might
be a real condition. As fiher
length increases, there may be

a puinl at which a beam effnct
Once a rod buckles

in the ceonter 1ts flexual pro-

is ohwerved.

perlics abruplly become non-
lintar, which may be what 14
oheerved in the dasked line.
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Figure 20.

Figure 21 shows percent cunpre-
ssion as a function of percent
solids. Increcasing Lhe solids
contenl of a felt lowers the
compression distortion under a
given load.
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Figure 21.
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'|offs in designing properties.
(RN

4. TAILORING OF PROPERTILS
Fiber felting offers a method for
tailoring the end properties needed
in a low density structure. Den- |

!sity, for example, can be tailored .
?ig one or more of three ways. 3
Selection of the fiber materials is
| one way to adjust density. The i
second way is to select an L/D to
achieve a desired density. The
smaller the L/D the higher the
composite density (see Figure 10).
The third way to adjust density is
to vary the amount of coating added
to the felt, as shown in Figure 13.
Adjustments to other properties of
a structural felt can also be made
by changes in fiber material, L/D
of fibers, and quantity and nature
of the coating. There arc trade-
For
example, for a given fiber mate-
‘FfaT;in"order to increase com> T
pressive strength it will be
necessary to increase density.
However, with the broad range of
fibers commercially available, it
might be possible to achieve the
ldcsired compressive strength at

\

;1ow density by selecting a higher-
‘modulus fiber.

5. CONCLUSIONS
'Low density structural composites
‘with custom-tailorcd end proper-
‘ties can be made by fclting and
;honding fibers. Such structures

—— — —— — — ———— — —— —— —— — —— ——

lcan take advantage of the mater-
Eials properties of the fiber, as
well as the three-dimensional and
;1ow density propertics of the

— o — —

Ematrix. Tailoring of propc-ties '
Iis effected by varying the fiber
raterial, L/D of fibers, 1nd coa'-
.ing of the fibers.

lThe felting technique is app]icabl‘f

for making felts up to 12.7-mm

']thick‘reprodﬂtib]yi"Such'Strdcthres
:are useful in compreassive cushion '

applications, where the flexing of
stress relaxation and compression
set. The low density feature is

attractive where weight or mass
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